globin (Hb) adducts were used as biochemical markers to assess indirectly the target dose of genotoxic chemicals. We monitored the exposure to 1,3-butadiene in occupationally exposed workers and in two control groups by analyzing the adducts formed by the reaction of the first activation product, butadiene monoepoxide, with the terminal valine of Hb; we also measured hydrolyzable adducts formed by the reaction of metabolically formed nitroso derivatives with Hb from five selected nitropolycyclic aromatic hydrocarbons (1-nitropyrene, 2-nitrofluorene, 3-nitrofluoranthrene, 6-nitrochrysene, and 9-nitrophenanthrene) in coke oven workers of different job categories and control workers of the same geographical area. We detected hydrolyzable adducts from monocyclic nitroarenes in blood from individuals living in a contaminated area where explosives had been produced and from controls. The contaminants considered were 2,4,6-trinitrotoluene; 2,4-and 2,6-dinitrotoluene; and 1,3-dinitrobenzene. Differences between groups were significant, but interindividual variation was great and background exposures must be considered. (7), and adduct concentrationsin blood ofrats and mice are significantly different, which correlates with the different susceptibility of these species for tumor formation (8, 9). Mice are more susceptible and show three to eight times higher Hb adduct concentrations than do rats when exposed to the same environmental BD concentrations.
As part of a coordinated project (Commission of the European Community project STEP-CT91-0152), we analyzed human blood samples from male workers exposed to BD in a manufacturing unit near Prague with external exposures averaging 1 ppm (n = 24). Two control groups were set up, one consisting of employees of the same company but working outside the production area (n = 19) and one with volunteers from our institute in Wurzburg (n = 10). The method was essentially as described in Albrecht et al. (8) The exposed subjects, all males, were assigned to three different job categories: those working in the bottom area, those working in the middle (bench), and those working on the top side of the coke oven. (Fig. 4) The detection limit was 0.1-0.4 fg. Deuterated 9-aminoanthracene served as an internalstandard. The recovery of each of the five amino arenes was 78-89%.
The coke oven workers were assigned to three different job categories:
(a) working in the bottom area (n = 18); (b) working in the middle, i.e., the bench area (n = 72); and (c) working at the top side (n = 12) of the coke oven. Controls were selected from the same city, some of them from the same company but working outside the production area (n = 19). All fiveanalyzed amino-PAHs were detected to various degrees in exposed and control subjects (Table 1) . Comparing the sum of the hydrolyzable Hb adducts between controls and the three job categories showed significantdifferences for the bottom and top-side workers but not for those working in the middle (Fig.  5) . There was no difference between smokers and nonsmokers.
The interindividual variation was again great. The distribution of Hb adduct concentrations among groups clearlyshows that many exposed individuals had adduct concentrations above a cutoff set at the 95th percentile of the controls. As an example, Fig.  6 fmol4tg DNA (85 pmol/g DNA). This is to be compared with the sum of five specified Hb adducts from nitro-PAH with a mean concentrationof 1 pmol/g Hb in those subjects working in the bottom area.
Monocyclic Nitroarenes
Areas that were sites of the production and use of explosives during World Wars I and II are still considerably contaminated with waste. Some of these areas are inhabited; the question arose whether this contamination poses a hazard to the people who live there. Moreover, such contaminants appear in groundwater, creating a more general problem of environmental pollution.
2,4,6-Trinitrotoluene (2,4,6-TNT) was the predominant explosive used, but the waste contained a mixture of related compounds that were byproducts of its synthesis, particularly isomeric mononitrotoluenes (NTs), dinitrotoluenes (DNTs), and TNTs. In the area of one of these former munition factories 3907 analyses of systematically selected soil specimens were carried out, and the following five chemicals were found most often (19): 2,4,6-TNT (38% of the samples); 2,4-DNT (16%); 4-amino-2,6-DNT (16%); 2-amino-4,6-DNT (14%); and 2,6-DNT (13%). Among the constituents less frequently detected was 1,3-dinitrobenzene (1,3-DNB, 1.3%). no-2,6-DNT (73%); 2-amino-4,6-DNT (73%); and 2,6-DNT (13%).
The content in soil, of course, varies widely, and the sum of various nitrotoluenes ranged from a detection concentration of 10-50 pg to 1 g/kg dry weight. (23) . In a first study we have now analyzed blood samples from people living in one of the contaminated areas covering Hb adducts from the five most frequently occurring nitroarenes mentioned above and from 1,3-DNB. More than one reaction product could be formed from the toluene derivatives containing two and three nitro groups, depending on which or how many nitro groups were metabolically reduced and further metabolized (23). In this study we concentrated on the analysis of only those adducts resulting from the reaction of metabolites in which only one nitro group was reduced. In the case of 2,4,6-TNT, hydrolysis of the Hb adduct could release 2-amino-4,6-DNT and 4-amino-2,6-DNT. The two monoreduction products of 2,4,6-TNT were also present in soil and groundwater, presumably because of bacterial reduction of TNT. (The amines could give rise to the same Hb adducts after N-oxidation; therefore,on the basis of adduct cleavage products we could not determine whether the absorbed compound was an amino or a nitroarene.)Single reduction of 2,6-DNT gave only one cleavage product, that of 2,4-DNT, either 2-amino-4-NT or 4-amino-2-NT.
Analysis of blood samples from 34 potentially exposed and 34 controls for six different cleavage products from
Hb adducts by GC-MS (C. van Dorp and H.-G. Neumann, manuscript in preparation) gave the followingpreliminary result (Table 2) : 1-Amino-3-NB could not be detected in any one of the blood samples. Both amino-DNTs were present in some of the samples of both groups, the mean and the median concentrations being higher in potentially exposed individuals (Fig. 7) . The most surprising finding was that all three amino-NT isomers were found in practically all sam- 
